In the preceding report (1) , it was de monstrated that two novel uridine nucleotides (UX1* and UX3*) occurred both in human milk and colostrum.
Since these nucleotides have been isolated in considerable amount, the present investigation is concerned with chemical structures of UDP-XI and UDP-X3.
EXPERIMENTAL PROCEDURE
Materials and Methods
Preparation of UDP-X1 and UDP-X3-Twenty litres of fresh human milk was deproteinized by adding 1/4 volume of cold 2 N perchloric acid. The supernatant was neutralized with 2 N KOH and the resulting potassium perchloric acid and solidified lipid fraction were removed by filtration.
The filtrate was again acidified with 1/10 volume of N HC1 and passed through a charcoal column. After washing with water, the absorbed nucleotides were eluted with 2 litres of ammoniacal ethanol. The eluate was concentrated to approximately 200 ml. under reduced pressure, mounted on a column of Dowex-l (formate form) and subjected to chromatography using a slight modi fication of H u r l b e r is gradient elution system (2) . The chromatographic pattern is shown in Figure 1 . Both UDP-X, fraction (tube No. 144-152) and UDP-X3 fraction (tube No. 127-137) were freed from formic acid and ammonium formate by treatment with charcoal, and subjected to the second ion exchange column chromatography, which was carried out by gradient elution with sodium formate (Fig. 2) . The main peaks were desalted by the charcoal treat ment and purified further by paper chromatography using solvent A (vide infra). Almost all ultraviolet absorbing material migrated as a single band in each A 10 cm. X I cm. column of Dowex-l X 8 (formate), 200-400 mesh was used for each procedure., Fre Analytical Procedures-Phosphate was measured by the procedure of C hen et al. (6) . Reducing value was determined by ferricyanide reduction (7) . Amino sugar was measured by the method of Rim i n g t o n (8), galactose by the method of Disc h e et al. (10) and fucose by the method of D i s c h e et al. (9) . The determination of periodate consumption and for maldehyde liberation was performed using the micro technique of Suzuki et al. (11) .
Paper Chromatography and Electrophoresis-Descen ding paper chromatography (Toyo Filter Paper No. 51 A at room temperature) was performed in eight solvent systems: (A) 95% ethanol-M ammonium ace tate, pH 7. In the subsequent part of this report, these solvent systems and buffers will be referred to by the signs in the parentheses.
Ultraviolet absorbing spots were detected by irradiation with a 253.6 mp mineral lamp. Phosphorylated compounds were detected by the molybdate reagent of H a n e s et al. (12) and sugars by alkaline silver nitrate and by periodate-benzidine of G o r d o n et al. (23) . N-acetylated amino sugars were also detected by S a l t o n's method (13) .
RESULTS
General Properties of UDP-Xl and UDP-X3-UDP-X1 and UDP-X3 had the characteristic uridine spectra both in pH 2.0 and in pH 12.0. The ratio of uridine to acid-labile phos phate and to total phosphate was approxi mately 1 : 1 : 2 for both nucleotides (Table I) . Their electrophoretic mobilities at pH 4.2 were less than UDP but greater than UMP, while they had higher Pf values than UMP with solvent A. (Table II) from UDP-X, and UDP-X3 (Table I) . When heating time was prolonged to 60 minutes, the reducing power released from UDP-X1 reached to 2 moles and that from UDP-X3 to 2.8 moles. (Fig. 3) . were again evaporated to dryness. This pro cedure was repeated three times. Each residue was then dissolved in water and subjected to the following paper chromatographic studies as the ' sugar moiety ' : `The nucleotide moie ties' which were retained on the resin were eluted by N sodium formate, freed from salt by the charcoal treatment and the ammoniacal ethanol eluates were evaporated to dryness on phosphorus pentoxide and CaCl2 under reduced pressure. i) Nature of the Nucleotide Moieties of UDP-X, and UDP-X3-Both of the nucleotide moieties from UDP-X, and UDP-X3 showed same properties.
They migrated electrophoretically (B-1 and B-2) as UDP. Hydrolysis in 0.01 N HC1 for 3 hours at 95-98°C gave UMP and inorganic phosphate as the products. Each UMP thus obtained was completely hydroly zed into uridine and inorganic phosphate by the action of 5'-nucleotidase, but was not attacked by 3'-nucleotidase.
The uridine was identified paper chromatographically in solvent systems D, E and F (Rf=0.27, 0.27 and 0.44 respectively).
Each UMP consumed I mole periodate.
From these results, it was concluded that the nucleotide moieties ob tained from UDP-X1 and UDP-X3 by the mild acid hydrolysis are uridine-5'-pyrophos phates. An additive evidence which showed the presence of pyrophosphate linkage in UDP-X1 and UDP-X3 was obtained from the experiment of snake venom phosphodiesterase digestion (vide infra).
ii) Nature of the Sugar Moieties of UDP-Xt and UDP-X3-When the sugar moiety of the mild acid hydrolysate of UDP-XI was paper chromatographically examined, an unknown reducing spot (in this paper this substance is called as X1) and a faint spot corresponding to galactose were detected. (Fig. 4) . Though X1 reacted with alkaline silver nitrate quite faintly, it represented more than 90 per cent of all the reducing power of the hydrolysate. By the same treatment, UDP-X3 revealed X1 and fucose also with small amount of galac tose, (Fig. 4) . When the same experimental procedure was performed on the N HC1 hydrolysates (in a boiling water for 60 minutes), the sugar moiety of UDP-X1 revealed two spots a hexosamine and a galactose, while that of UDP-X3 revealed three spots, a hex osamine, a galactose and a fucose (Fig. 4) . Quantitative analyses indicate that UDP-X1 contained 1 mole each of hexosamine and galactose, while UDP-X3 contained 1 mole each of hexosamine, galactose and fucose. (Table I) . iii) Identification of N-AcetylglucosamineHexosamine were isolated from the N acid hydrolysates of UDP-X1 and UDP-X3 by elu tion with water after paper chromatography in solvent system G. They were degraded with 2% ninhydrin and 4% pyridine mixture and the resulting pentoses were examined by paper chromatography in solvent B (14) . By this procedure both hexosamines revealed only arabinose. This evidence shows that the hexosamines are whether glucosamine or man nosamine.
When heated in 0.05 N HC1 for 2 hours at 95-98°C, UDP-X1 and UDP-X3 released about 30 per cent of their hexosamine as a N-acetyl derivatives.
These N-acetylhexosamines were subjected to the modifid Morgan-Elson color reaction of R e i s s i g et al. (15) . Both of them gave a color yield of E...=21400 and 20900 on the basis of their reducing power respectively.
These values are equal to the value of N-acetylglucosamine Two
Novel
Uridine Nucleotides but about twice as high as that of N-acetylmannosamine.
iv) Identification of D-Galactose and L-FucoseGalactose and fucose were isolated from the N acid hydrolysates of nucleotides by the same treatment as in the case of hexosamine. For estimation of microquantities of D-galactose, a method using Saccharomyces fragilis adapted to D-galactose has been developed by S u z u k i (5). This yeast decomposes D-galactose but not L-galactose. The disappearance of D-galactose can be seen by paper chromatography using solvent system H. Galactose fractions isolated from both nucleotides were decomposed by the yeast and consequently known to have D-configuration. While fucose fraction isolated from UDP-X3 was converted to ketose by a crude preparation of D-arabinose isomerase (4) . Evidence for the formation of a ketose from the fucose isolated from UDP-X3 by in cubation with the enzyme was obtained from a positive cysteine-carbazole reaction (16) . The absorption spectra given by the fucose from UDP-X3 and authentic L-fucose in this test after incubation with D-arabinose isomerase are shown in Fig. 5 . This enzyme is specific for sugars with the L-fucose (or D-arabo-) configuration at C-2, C-3 and C-4 (4) and probably would inactive with D-fucose, and this evidence indicates that the fucose from UDP-X3 probably has L-configuration. in 0.01 N potassium hydroxide. The reaction mixture was kept overnight in the dark, then excess reagent was degraded by adding N acetic acid. After being neutralized with Dowex-l (bicarbonate form), the solution was passed through the columns of Dowex-1 (OH" form) and Dowex-50 (H} form). Both columns were washed thoroughly with water. Washings and eluate were combined together and eva porated to dryness under reduced pressure. 0.4 ml. of N HCl was added and the mixture was heated in a boiling water bath for 1 hour. After HCl was removed by repeating evapora tion, the hydrolysate was examined paper chromatographically using solvent B. Galactose was still detected as a reducing spot, but glucosamine was not. This result shows that the reducing end of Xl is N-acetylglucos- 
The Chemical Structure of the Sugar Moiety of UDP-X3-The experimental results of acid hydrolysis of UDP-X3 showed that the sugar moiety of UDP-X3 is a trisaccharide composed of X1 and fucose. The isolation of the trisac charide was accomplished by hydrolysing UDP-X3 in milder condition. 
